In the rat, variation in alcohol and benzodiazepine sensitivity has been correlated with an inherited variant of the GABA A ␣6 receptor. Our goal was to identify polymorphisms in the human GABA A ␣6 receptor gene and determine whether a variant of the receptor is associated with alcoholism. The GABA A ␣6 receptor gene coding region was screened in 80 unrelated patients with alcoholism using single strand conformational polymorphism analysis. For rapid genotyping, a Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) assay was developed. A relatively abundant amino acid substitution and three synonymous DNA substitutions were detected. The synonymous variants, 35AϾG, 665AϾG, and 1031GϾC had rare-allele frequencies of 0.25, 0.02, and 0.47, respectively. The Pro38-5Ser substitution is located in the second intracellular domain of the receptor adjacent to a putative phosphorylation site. Pro385Ser has rarer allele frequencies of 3.3% and 4.8% in 196 Finnish alcoholic patients and 189 controls, respectively (P = NS). A naturally occurring non-conservative Pro385Ser was detected in the GABA A ␣6 receptor. The variant is not associated with alcoholism. Molecular Psychiatry (2000) 5, 316-319.
␥-Aminobutyric acid (GABA) is the major inhibitory neurotransmitter in the mammalian central nervous system (CNS). GABA receptors of subtype A (GABA A receptors) are composed of several different subunits and associated with both a chloride ionophore and specific binding sites for benzodiazepines (BZD) . 1 Effects of ethanol in which the GABA A receptor may be involved include a variety of behavioral responses to acute alcohol, tolerance and the development of alcoholism. The efficacy of BZD drugs in treating alcohol withdrawal 2 suggests the GABA A /BZD receptor system may have a key role in the mechanism of alcohol's effects. 3 Recently, molecular biological techniques have revealed GABA A receptor channels to be heterooligomeric proteins composed of several distinct polypeptide types (␣1-6, ␤1-3, ␥1-3, ␦, ⑀, , and 1-3). 4, 5 It is possible that genetic variation in one or more of these subunits could alter ethanol sensitivity.
Two lines of genetic evidence from studies in rodents have implicated GABA A receptor genes in differences in alcohol sensitivity, which occur across strains. Alcohol-sensitive ANT (Alcohol NonTolerant) and alcohol-insensitive AT (Alcohol Tolerant) rat lines were selectively bred for differences in sensitivity to ethanol-induced motor impairment. The ANT and AT rats showed a difference in the affinity of BZD in cerebellar membranes. 6 An amino acid substitution Arg1-00Glu in the GABA A ␣6 receptor is believed to be at least partially responsible for the difference in alcohol sensitivity. The alcohol-insensitive AT line carries the Arg100 allele, which is diazepam-insensitive as compared to the Glu100 version of the rat GABA A ␣6 receptor. 7 In the mouse, the Long-sleep (LS) and Short-sleep (SL) mice were genetically selected for differences in sensitivity to the hypnotic effects of ethanol as measured by the duration of loss of the righting reflex (sleeptime). 8 The LS mice are very sensitive to the effects of alcohol, while the SS mice are relatively insensitive as demonstrated by the large differences between the lines in terms of sleep-time as well as blood alcohol levels at the time the mice regain the righting reflex. 9 Ethanol potentiates the GABA response of certain brain regions in LS mice but not SS mice, which is consistent with the much longer ethanol-induced sleep time in the LS mice. 10 In the human, heritability studies in twins and adoptees indicate that alcoholism is a complex but genetically influenced disorder. 11 However, the genetic and neurobiological mechanisms of the diminished sensitivity to ethanol and BZD in alcoholics and individuals vulnerable to alcoholism are unclear, probably because these drugs affect multiple neurotransmitter systems in the CNS. 12 In this article, we describe identification of a relatively common GABA A ␣6 amino acid substitution and three polymorphisms involving synonymous DNA substitutions using the single strand conformational polymorphism (SSCP) method. 13 We describe polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP) methods to detect these polymorphisms and we investigate whether the amino acid sub- stitution is associated with alcoholism compared to ethnically matched controls.
We analyzed the human GABA A ␣6 receptor gene (GABRA6) coding region from 80 Finnish alcoholics for sequence variation using SSCP followed by sequencing. We detected a relatively abundant amino acid substitution and three synonymous DNA substitutions in the coding region (Table 1) . A T to C transition at nucleotide 1236 of coding sequence results in the substitution proline to serine at codon 385 (CCC to TCC). It was designated 'Pro385Ser'. The other variants are silent substitutions, which were designated '35AϾG', '665AϾG', and '1031GϾC', respectively.
For rapid genotyping, PCR-RFLP assays were developed. In the 80 Finnish alcoholics, genotyping all subjects by both SSCP and PCR-RFLP yielded identical results. The frequencies of the rarer alleles Ser385, 35A, 665G, and 1031C alleles were 0.04, 0.25, 0.02, and 0.47, respectively. All genotype distributions were consistent with Hardy-Weinberg expectations in this ethnic population.
The frequency of the rarer allele Ser385 was 3.3% in 196 alcoholic patients and 4.8% in 189 controls. No association was found between Pro385Ser and alcoholism (P = 0.35; Fisher's exact test, 2-tailed) ( Table 2) .
Pro385 is conserved among rat 14 and mouse 15 GABA A ␣6 receptors. The Pro385Ser amino acid residue is located in the second intracellular domain of the receptor and at a site ten amino acid residues removed from a consensus phosphorylation site for protein kin- Molecular Psychiatry ase C (PKC). 14 No definite function for this amino acid or this domain has been confirmed at present. However, the domain is thought to contribute to subtype specificity and to participate in intracellular regulatory mechanisms. 16 Concerning the GABA A ␥2L subunit, it is of interest that an alternative spliced variant of ␥2 which contains an extra eight amino acids bears a consensus site for phosphorylation by PKC. 17 Site-directed mutagenesis of the alternative spliced sequence indicates that the ␥2L subunit must be phosphorylated to confer ethanol sensitivity. 18, 19 Direct gene analysis with SSCP does not detect all variants, even if well optimized. 20 Furthermore, 18.4% of GABRA6 coding sequence was not screened in this study. Therefore, additional variants in the coding sequence or promoter region could be present, and variants could be found in regions of the gene that we have not analyzed. Additional direct gene analysis studies of GABRA6, evaluation across larger numbers of individuals than the 80 we screened, and evaluation of other clinical and ethnic populations should detect additional variants. In addition, several other lines of evidence suggest abnormal function of GABA A receptors 21 in anxiety disorders including panic disorder and obsessive-compulsive disorder, affective disorder, and schizophrenia. Thus, it may be valuable to perform both genetic association studies with the markers detected here and additional gene variant screening in these disorders.
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Subjects and methods
Subjects
Subjects included in the study are unrelated Finnish alcoholic offenders (n = 196) who were ordered to undergo forensic psychiatric examination. The unrelated Finnish controls (n = 188) are a random sample of healthy volunteers of a socio-economic background similar to the offenders. All the subjects were interviewed using the Structured Clinical Interview for DSM-III-R. 22 All the Finnish alcoholic offenders had an Axis I diagnosis of alcohol abuse (n = 30) or alcohol dependence (n = 166) and an Axis II diagnosis of antisocial personality disorder. All subjects gave written consent and the study protocol was approved in Finland by the Department of Psychiatry and Helsinki University Central Hospital Institutional Review Boards. In the United States, the protocol was approved by the Office for Protection from Research Risks and the Institutional Review Board of the National Institute of Mental Health. A general characterization of these subjects and description of their psychiatric assessment has been published elsewhere. 23 
PCR and SSCP analysis
Amplification of genomic DNA isolated from EpsteinBarr virus immortalized lymphoblastoid cell lines was accomplished with the primer pairs listed in Table 3 . These primer pairs amplify eight nonoverlapping regions, which cover 81.6% of the GABRA6 coding sequence. 24 Since GABRA6 intron sequences were unknown, primers were designed to be complementary to exon sequences adjacent to the exon-intron bound- Table 3 Primers for SSCP and PCR-RFLP amplification of the GABA A ␣6 receptor gene
Primer
Primer sequence aries. Positions of the boundaries were predicted based on the published mouse sequence. 25 The amplification products from the GABA A ␣6-1f and 3b, 4f and 5b, 6f and 7b primer pairs included 202, 587, 84, and 422 bp of introns (sequences deposited GenBank accession number AF053072). For the SSCP analysis, GABA A ␣6-1b, 2f, 2b, 6b, and 7f primers were designed using the intronic sequences.
For SSCP, we screened 80 subjects randomly selected from 196 alcoholic offenders. DNA amplification was performed using a GeneAmp ™ PCR System 9600 (Perkin-Elmer, Norfolk, CT, USA) with the following conditions: 95°C, 3 min; 30 × (94°C, 15 s; 60°C, 20 s; 72°C, 30 s; 72°C, 10 min. The reaction mixture was in a 5-l volume containing 50 ng sample DNA, 50 nM of each primer, 50 M each dNTP, 1 × Perkin Elmer buffer I, and 0.125 U of Taq DNA polymerase. 0.033 l [␣-32 P]dCTP (3000 Ci mmol −1 ) was included in the PCR reaction. After amplification, a solution containing 95% formamide, 10 mM NaOH, 0.05% xylene cyanol and 0.05% bromphenol blue was added for a total volume of 50 l. After denaturation at 80°C for 5 min, 1 l of the mixture was loaded on a MDE ™ Gel (FMC BioProducts, Rockland, ME, USA) and electrophoresis was performed at 4°C at 8 W. The gel was dried and Kodak XAR film was exposed for 0.5-8 h at room temperature. Sequencing DNA bands which by SSCP analysis showed altered mobility were cut out from the gel, immersed in 20 l of water and then heated at 80°C for 5 min. One microliter of the water extract was subjected to direct sequencing 26 using an ABI PRISM ™ dye terminator cycle sequencing kit with a 373 DNA sequencing system (Perkin-Elmer). Table 1 shows primers and restriction enzymes used for PCR-RFLP assays for the four polymorphisms. Pro3-85Ser and G1031C were detectable as conventional RFLPs. Assays for A35G and A665G were developed in which a base substitution was introduced adjacent to the codon of interest, creating an artificial restriction site to detect the presence of one allelic form. 27 One Unit of each restriction enzyme was added directly to the mixture after which the PCR amplicon was restriction enzyme digested in a total volume of 10 l containing 1 × recommended buffer for 2 h at 37°C. DNA fragments were resolved by electrophoresis in a 5% acrylamide gel.
PCR-RFLP
